STORAGE DEVICE CONTROLLING DEVICE AND CONTROL 
METHOD FOR STORAGE DEVICE CONTROLLING DEVICE 

CROSS-REFERENCES TO RELATED APPLICATIONS 
This application relates to arPd claims priority from 
Japanese Patent Application No, 2003-368591, filed on October 
29, 2003, the entire disclosure of which is incorporated herein 
by reference. 

BACKGROUND OF THE INVENTION 
4-. — F ield of the Invention 

The present invention relates to a storage device 



ee ntrolling device , and a method of controlling the storage 

device ^ oohrrollxng device . 

3- . Descriptienr of th^^ela^^H^^t 

The efcecfest amount J to be handled in a computer system has 
recently increased. In connection with increase in ^data 

amount, a large-scale storage system equipped with a storage 
volume which is managed by a RAID (Redundant Arrays of 
Inexpensive Disks) system for supplying enormous storage 
resources, oallcd JIas a mid-range class or enterprise class, 



has recently received widespread attention as a storage system 



for managing^data aajdsarv ri borl n h o vo . Furthermore , a technique 
in which information processing devices are connected to a 
storage system through a dedicated network ( Storage Area Network , 
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hereinafter referred to asjrSAN") to enable a large amount of 
access to the storage system at high speed has been developed 
to efficiently use and manage vast amounts of data. 

Furthermore, feh ^±-c hai> bce,n dovolopod a storage system 
called g^jNAS ( Network Attached Storage )|f or mutually connecting 
a storage system and an information processing device through 
a network using the TCP/IP (Transmission Control 
Protocol/Internet Protocol) protocol or the like and J^v 
implementing as access^based onjfile-name indication from the 
information processing device. 

Such a storage system as described above uses a DMA ( Direct 
Memory Access) transfer technique f or^transf erring^data through 

^a© CPU (Central Processing Unit) in order to incre^e the data 
access speed. In order to carry out DMA transfer , jCPU writes 
into a register equipped to a DMA controller, data transfer 
information needed for data transf er^ such as a transfer source 
storage address, a transfer destination storage address, etc. 
for data to be transferred, and instructs the DMA controller 

to start the data transfer. Accordingly, the data transfer L * 

is carried out by the DMA r.nntrni i P.r^ ^"■pnngh \ ^ rPTT j ( see 
JP-A-2003-22246) . 

However, it takes more time to carry out data writing 
fromj^CPU into the register of the DMA controller in the data 
transfer circuit containing the DMA controller as compared with 
data writing fromjCPU into a memory element. Therefore, uagster^^L 
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auoh a situation ttraiydata transfer occurs frequently, the time 
needed t©^he DMA starting proce s s i n ^^7^7^^^ fj the data writing 



from^CPU into the register of the DMA controller ^ote* 



increase in^data access speed, » 



Furthermore, uiiduu i' u u uli / a situation ttet a data 
input/output control is carried out by using plural CPUs, when 
data transfer is carried out between memories^ each of which 
is controlled by eacbjCPU^CPU for controlling the DMA controller 
is required to aohiovo^ inf ormation on storage addresses, etc. 
of data in the memories controlled by the other CPUs . Moreover , 
undor ouoh ^a situation fctet/a data transfer size is different 



for each memory, >CPU for controlling the DMA controller is 
required to ^control for adjusting the data transfer size. 
Increase «£jthe processing load imposed onjCPU for controlling 
the DMA controller ^rbotruotc increase ^fythe data access speed. 
Therefore, it has been required to reduce the processing load 
imposed on jCPU for controlling the^B&33 controller. 



SUMMARY OF THE INVENTION 
The present invention has been implemented in view of 
the foregoing problem, andjhas a main object to provide a storage 



device p ont rolling dovioe and a method of controlling the storage 
device^ controlling device . 

In order to achieve the^object, according to a first 
aspect of the present invention, there is provided a storage 
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device^ controlling device comprising a channel controller for 
receiving a data input/output request based onj\ file-name 



indication^ from an information processing device through a 
network and ^ transmitting/receiving data to/from the 
information processing device, a disk controller for carrying 
out input/output control of data stored in a storage volume 
for storing the data, and a first memory for storing the data 
delivered between the channel controller and the disk controller^ 
ffcThe channel controller is equipped with a first processor 



for outputting a block-basis I/O request corresponding to the 
data input /output request andj controlling the first memory fj 
a file access processor n which has a second processor and a 
second memory controlled by the second processor^ and ^serves 
to control the transmission/reception of the data input/output 
request and the data which is carried out with the information 
processing device |ja data transfer device for controlling data 
transfer between the first memory and the second memory, and 
a third memory controlled by the first processor, which are 
formed on a circuit board^asfi Wherein v the second processor 
transmits information indicating the storage position of the 
data in the second memory to the first processor the first 
processor writes into the third memory data transfer information 
containing information indicating the storage position of the 
data in the first memory and information indicating the storage 
position of the data in the second memory ij and the data transfer 
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device reads out the data transfer information from the third 
memory and controls the data transfer between the first memory 
and the second memory on the basis of the data transfer 
information thus read put. 

Here, the storage device^c onttrolling device is defined 
as a device for controlling the reading/writing of data into 
the data- stored storage volume in accordance with fefee^ data 
input/output request received from the information processing 
device. The information processing device is defined as 
information equipment \ such as a computer or the like* which is 
equipped with^CPU and a memory. When the information processing 
device is connected to the storage system containing the storage 
device^ controlling -ctevio e and the storage volume or another 
information processing device through a network^ such as^LAN 
(Local Area Network), SAN or the like, it transmits/receives 
data to/from the storage system or the other information device 
by communicating with the storage system or the other information 
device. The storage volume is a storage resource for storing 
data, and it contains the physical volume corresponding to a 
physical storage area supplied from a disk drive^such as a hard 
disk device or the like, and the logical volume corresponding 
to a storage area logically set on the physical volume. 

The file access processor transmits/receives data based 
on/yf ile-name indication to/from the information processing 
device. The functions of the file access processor are supplied 



from an operating system executed by the second processor and 

Ok 

software^ such as^NFS (Network File System) or the like^ which 
is operated on the operating system. 

The first processor contains , as a hardware element , y IC 
(Integrated Circuit) which is independent of the second 
processor serving as the hardware element of the file access 
processor, andjpontrols the first memory. The first processor 
outputs a block-basis I/O request in response to a file-basis 
data input/output request received from the information 
processing device by the file access processor. On the basis 
of the I/O request, the disk controller carries out the 
input /output control of data stored in the storage volume. The 
first memory comprises a cache memory j described later, for 
example. The data transfer device functions as a DMA 
controller. 

Accordingly, for examplevwhen the file access processor 
receives^ data writing request and writing data based on the 
file name indication from the information processing device, 
the writing data aa»^ stored in the second memory. The first 
processor outputs the block-basis write request corresponding 
to the data writing request based on the file name indication. 
The data transfer device transfers the writing data stored in 
the second memory to the first memory. On the basis of the 
write request, the disk controller reads out the writing data 
from the first memory, and also writes the writing data into 
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the storage volume on a block basis. 

When the file access processor receives the data read* 
out request based on the file name indication from the 
information processing device, the first processor outputs the 
block-basis read request corresponding to the data read-out 
request based on the file name indication. The disk controller 
reads out data from the storage volume on a block basis on the 
basis of the read request, and^also writes the read-out data 
into the first memory. The data transfer device transfers the 
read-out data stored in the first memory to the second memory. 
The file access processor transmits the read-out data stored 
in the second memory to the information processing device. 

The input /output of the data stored in the storage volume 
is carried out through the communications between the disk 
controller and the storage volume . The communications between 
the disk controller and the storage volume may be carried out 
through a communication path constituting a loop which is set 
according to FC-AL of fibre channel standards. 

When the data transfer device controls the data transfer 
between the first memory and the second memory , the data transfer 
device xh iiLLded j[to store the storage positions of data in the 
respective memories (the transfer source address and the 
transfer destination address for the data concerned) into a 



register. In the storage device^ e o iiL-Lulling dev lot* of this 
invention, the data transfer information containing the 
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Information indicating the storage positions of thoo<^ i data 
written in the third memory by the first processor. The data 
transfer device reads out the data transfer information from 
the third memory and stores it into the register. Therefore, 
the first processor writes the data transfer information, not 



into the register of the data transfer device^ which nekB/^a 
relatively long access time, but into the third memory, which 



:/a relatively short access time, and then shifts to 
execution of the subsequent processing. Accordingly, the idle 
time of the first processor ( standby time for writing completion ) 
can be reduced, and the first processor can be efficiently 
operated. Therefore, the speed of the data reading/writing 
for the data input/output request from the information 
processing device can be increased. 

As described above, the data reading/writing speed can 
be increased. The increase in data reading/writing speed 
greatly contributes toj increase in^dafea amount^ to be handled 
in the information processing system and also to enhancement 
injprocessing performance of the overall information processing 
system under a use condition of a recent storage system in which 
data input/output requests are successively transmitted from 
many information processing devices on-line and on a real-time 
basis. j . 

The ^problems and^ Golvdng methods thereof r\lir *\ a Trri by 
this invention will bejppparent from the following 
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■^E "Detailed Description of the preferred Embodiments" and 
accompanying drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig . 1 is a block diagram showing the overall construction 
of a storage system according to an embodiment of the present 
invention; 

Fig. 2 is a diagram showing the oafcj etefc ^of the storage 
system according to the embodiment; 

Fig. 3 is a d^agacam ^showing the outlooly of a storage device 
controlling dovioo ^ according to the embodiment; 

Fig. 4 is a block diagram showing the construction of 
a management terminal according to the embodiment; 

Fig. 5 is a diagram showing a physical disk managing table 
according to the embodiment ; 

Fig. 6 is a diagram showing an LU managing table according 
to the embodiment ; 

A. 

Fig. 7 is a block diagram showing^ CHN according to the 
embodiment ; 

Fig. 8 is a block diagram showing^CHF, CHA according to 
the embodiment; 

Fig . 9 is a diagram showing meta data ^ lock table according 
to the embodiment ; 

Fig. 10 is a block diagram showing a disk controller 
according to the embodiment; 




Fig. 11 is a diagram showing the software construction 
of the storage system according to the embodiment; 

Fig. 12 is a diagram showing a cluster construction of 
the storage system according to the embodiment; 

Fig. 13 is a diagram showing the metaflf data according 
to the embodiment; 

Fig. 14 is a diagram showing the lock table according 
to the embodiment; . 

Fig. 15 is a block diagram showing the construction of^ 
DMA j according to the embodiment; 

Fig. 16 is a diagram showing a memory 2 according to the 
embodiment ; 

Fig. 17 is a diagram showing a memory 1 according to the 
embodiment ; 

Fig. 18 is a diagram showing a cache memory according 
to the embodiment ; 

Fig. 19 is a flowchart showing the flow of the DMA transfer 
processing according to the embodiment; 

Fig. 20 is a flowchart showing the flow of the DMA transfer 
processing according to the embodiment; 

Fig. 21 is a flowchart showing the flow of the script 
achieving processing according to the embodiment; 

Fig. 22 is a flowchart showing the flow of the DMA transfer 
unit determining processing according to the embodiment; 

Fig. 23 is a flowchart showing the flow of the transfer 
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end judgement processing according to the embodiment; 

Fig. 2 4 is a diagram showing a specific example of the 
DMA transfer according to the embodiment; 

Fig. 25 is a diagram showing a memory 2 according to the 
embodiment ; 

Fig. 26 is a diagram showing a memory 1 according to the 
embodiment ; 

Fig. 27 is a flowchart showing the flow of the DMA transfer 
according to the embodiment; and 

Fig. 28 is a block diagram showing the construction of 
an information processing device according to the embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
A preferred embodiment according to the present invention 
will be described hereunder with reference to the accompanying 
drawings . 

(First Embodiment ) 
[Overall Construction] 

First, the overall construction of a storage system 600 
containing a storage devicej^ controlling dcvioc 100 according 
to an embodiment of the present invention will be described 
with reference to ftjblock diagram of Fig. 1. 

The storage system 600 is equipped with a storage device 
qontroll - my ' Qt^ re^e yl00 and a disk ^ drivi rrg device 300. The 
storage device ^oontrolliiiLj Q^v iue 100 controls the disked 
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device 300 according to a command received from an information 
processing device 200. For example, the storage system 600 
receives a data input/output request from the information 

. it 

processing device 200, andjreads /writes data stored in a storage 
volume 310 equipped to the diskj^aap-iviing device 300 . The storage 
volume 310 is defined as a storage resource for storing data, 
which contains a physical volume serving as a physical storage 
area supplied by a disk drive^such as a hard disk device or 
the like, and a logical volume serving as a storage area set 
logically on the physical volume. The storage volume 310 or 
the logical volume will te also hereinafter^ referred to asj^LU 
(Logical Unit)". The storage device controlling device 
transmits/receives various commands for managing the storage 
system 600 to/from the information processing device 200. 

The information processing device 200 ^information 

a 

equipment) such as a computer or the like«which is equipped with^ 
CPU and a memory. Various kinds of programs are executed byj[~ 
CPU equipped in the information processing device 200 to thereby 
implement various functions: The information processing 
device 200 may be ^personal computer or a work station, or 
a main frame computer. 

In Fig. 1, information processing devices 1 to 3 (200) 



are connected to the storage device controlling- ' ttowboc ^100 
through^LAN (Local Area Network /LAN 400 may be the Internet 

or a dedicated network . The communications carried out between 
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the information processing devices 1 to 3 (200) and the storage 
device controlling device 100 through^ LAN 400 are carried out 
according to the TCP/IP protocol, for example. A data access 
request based on^file name indication ( data input /output request 

on the basis of »file-name indication, hereinafter referred to 

0s A 

asj^file access request") is transmitted from the information 
processing devices 1 to 3 (200) to the storage system 600. 

A backup device 910 is connected to LAN 400 . Specifically, 
the backup device 910 may be a disc type device j such as^MO 
(Magneto-Optical Disc), CD-R (Compact Disc-Recordable), 
DVD-RAM (digital Video Disc-Random Access Memory) or the like, 
or^a tape type device^ such as a DAT (Digital Audio Tape) tape, 
a cassette tape, an open tape, a cartridge tape or the like. 
The backup device 910 communicates with the storage device 
cfrontroJ^lng dcvioc Kl00 through jL AN 400 to store backup data^ 
of data stored in the disk driving device 300. Furthermore, 
the backup device 910 may be connected to the information 
processing device 1 (200). In this case, it can achieve the 
backup dafccr of data stored in the disk driving device 300 through 



the information processing device 1 (200). 

The storage device control dovioo jylOO is equipped with 
channel controllers 1 to 4 (110). The storage device 
controllin - g — devite ^ 100 communicates with the information 
processing devices 1 to 3 (200) and the backup device 910 through^ 
LAN 4 00 -by ^the channel controllers 1 to 4 (110). Each of the 
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channel controllers 1 to 4 (110) receives a file access request 
transmitted from each of the information processing devices 
1 to 3 (200) through LAN 400 and transmits /receives data to/from 
the information processing device. That is, a network address 
(for example, IP address) onjLAN 400 is allocated to each of 
the channel controllers 1 to 4 (110). Therefore, each channel 
controller individually behaves as^SJAS, and ^thus^ each of the 
channel controllers 1 to 4 can provide the information processing 
devices 1 to 3 (200) with services ofjNAS as if independent 
NASs exist. The channel controllers 1 to 4 (110) will be also 
referred to as "CHN 110". 

As described above, the storage system 600 is equipped 
with the channel controllers 1 to 4 (110) which can individually 
provide services as NASs to one storage system 600, and thus 
NAS services which has-been hitherto individually operated by 
independent computers can be collectively operated in one 
storage system 600. Accordingly, the centralized management 
of the storage system 600 is possible, and maintenance works^ 
such as various kinds of setting/control, trouble management, 
version management, etc. ^ can be efficiently performed. 

The channel controllers 1 to 4 (110) of the storage device 
oont - rolI - iTT g — du v ice ^100 according to this embodiment is 
implemented by integrally unitized hardware formed on a circuit 
board 180 and sof tware^such as an operating system (hereinafter 
referred to as "OS" )^ implemented by the hardware, application 
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programs operating oi^OS , etc . as described later . As described 
above, in the storage system 600 of this embodiment, the 
functions which have been hitherto mounted as a part of hardware 
are implemented by the software. Therefore, according to the 
storage system 600 of this embodiment, a flexible system 
operation can be performed, and more delicate services can be 
provided in response to various rapidly -varying users ' needs . 

The information processing devices 3 4 (200) are 

connected to the storage device controlling device 100 through 
SAN 500. SAN 500 is a network through which data j^a^e 
transmitted/received between the storage device controlling 
device 100 and the information processing devices 3, 4 (200) 
on a block basis , the block serving as a management unit of 
data in a storage area provided by the disk driving device 300. 
The communications between the information processing devices 
3, 4 (200) and the storage device rnnfrnT I iTng aS5555p.00 through 
SAN 500 are generally carried out according to a fibre channel 
protocol. A block-basis data access request (hereinafter 
referred to as "block access request" ) is transmitted from each 
of the information processing devices 3, 4 (200) to the storage 
system 600 according to the fibre channel protocol. 

A SAN-adapted backup device 900 is connected to SAN 500. 
The SAN-adapted b ^^^^^^ iCe 900 communicates with the storage 
device controlling deviu i^lOO through SAN 500 to store the backup 
data^of data stored in the disk driving device 300. 
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The storage device <j<jul.Lulling Hevi^e ^ 100 is equipped 
with channel controllers 5 to 6 (110). The storage device 
tUuqiljjullluy — dev i ce y 100 communicates with the information 
processing devices 3 to 4 ( 200 ) and the SAN-adapted backup device 
900 through SAN 500 by the channel controllers 5 to 6 (110). 
The channel controllers 5 to 6 will be also referred to as "CHF " . 

The information processing de vic^^^( 2 00 ) is connected 
to the storage device a qii trolling device Jp-00 without passing 
through any network such as LAN 400, SAN 500 or the like* The 
information processing device 5 (200) may be a main frame 
computer. The communications between the information 
p roc| gsing device 5 (200) and the storage device ee nlJLUlliiig 
^viuB jjToo are carried out according to a communication protocol 
such as FICON (Fibre Connection) (registered trademark) , ESCON 
(Enterprise System Connection) (registered trademark) , ACONARC 
(Advanced Connection Architecture) (registered trademark) , 
FIBARC (Fibre Connection Architecture) (registered trademark) 
or the like. A block access request is transmitted from the 
information processing device 5 (200) to the storage system 
600 according to these communication protocols . 

The storage device ■eo ii Lr o llii ig devic e -100 communicates 
with the information processing device 5 (200) teethe channel 
controllers 7 toj<8 (110) . The channel controllers 7 (110) 
will also hereinafter preferred to as ™ CHA " . , 

SAN 500 is connected to another storage system 610^set 
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up at a remote place (secondary site) from a setup place of 
the storage system 600 to protect data when a disaster occurs 
or the like. The storage system 610 is used as a device at 
a data copy destination in a replication or remote copy function . 
The storage system 610 may be connected to the storage system 
600 through a communication line^such as y ATM or the like^in 
place of SAN 500. In this case, as the channel controller 
110 is^ uood a channel coilLlullei: 110 having an interface (channel 
extender) to use the above communication line. 

As described above, in the storage system 600 of this 
embodiment, CHN 110, CHF 110 and CHA 110 can be mounted in the 
storage system 600 i whil e — thoy coexist with one another. 

2. _J~L^ 



Accordingly, tdae^storage systemjconnected to different kinds 

of networks can be implemented. Specifically, this is a SAN-NAS 

integral storage system lita^ the storage system 600 is connected 

i\ 0 o ^ ^ ^ 

to^LANjJtat© by using^CHN 110 and alsojtconnected to^ SAN 500 by 

using^CHF 110. 

[Storage Volume] 

The disk driving device 300 is equipped with many disk 

drives, and thus~jjprovides a large capacity asf storage area to 

the information processing device 200 . The disk driving device 

300 may be designed so that a disc array is constructed by plural 

disk drives. In this case, the storage area provided to the 

information processing device 200 may be provided from plural 

disk drives managed by^RAIEJy. 
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The storage device controlling device 100 and the disk 
driving device 300*may be directly connected to each other as 
shown in Fig, 1, or^connected to each other through a network. 
Furthermore, the disk driving device 300 may be constructed 

integrally with the storage device controlling dcvioc i 100 . 

Ok- ~ * 

*LU 310 equipped to the disk driving device 300 contains. 

user LU 310 ^accessible from the information processing device 



200, a system LU 310iused to control the channel controllers 
110, etc. An operating system executed injCHN 110 is also stored 
in the system LU 310. 



[Storage Device Controlling Device] 



JUS* 



The storage device eoiiLuolling device ^ 100 is equipped 
with channel controllers 110, a shared memory 120 , a cache memory 
( first memory ) 130, a disk controller 140 , amanagement terminal 
160 and a connecting portion 150. 

The channel controller 110 is equipped with a 
communication interface for making communications with the 
information processing device 200, and j^has a function of 
transmitting/receiving a data input /output command, etc, 
to/from the information processing device 200. For example,^ 
CHN 110 receives a file access request from the information 
processing devices 1 to 3 (200) . It finds the storage address 
of the file, the data length, etc. and outputs an I/O request 
corresponding to the file access request to access the disk 
driving device 300, whereby the storage system 600 can provide 
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the information processing devices 1 to 3 (200) with services 
as^NAS. The I/O request contains the head address of the data, 
the data length, the access type^such as reading or writing, 
etc . In the case of the data writing, the I/O request may contain 
writing data. The output of the I/O request is carried out 
by the processor 1 (first processor) 119. CHF 110 accepts a 
block access request based on the fibre channel protocol from 
the information processing devices 3 to 4 (200), whereby the 
storage system 600 can provide the information processing 
devices 3 to 4 (200) with high-speed accessible data storage 
services. Furthermore ,jCHA 110 accepts a block access request 
based on a protocol such as FICON, ESCON, ACONARC, FIBARC or 
the like from the information processing device 5 ( 200 ) , whereby 
the storage system 600 can also provide a main frame computer 
such as the information processing device 5 (200) with data 
storage services . 

Each channel controller 1 1 0 is connected to the management 
terminal 160 through an internal LAN 151 , whereby micro -programs , 
etc. executed in the channel controllers 110 and the disk 
controllers 140 can be transmitted from the management terminal 
160 and installed. The construction of the channel controllers 
110 will be described later. 

The connecting portion 150 mutually connects the channel 
controllers 110, the shared memory 120, the cache memory 130 
and the disk controllers 140 to one another . The communications 
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of data and commands among the channel controllers 110, the 
shared memory 120 , the cache memory 130 and the disk controllers 
140 are carried out through the connecting portion 150. The 



connecting portion 150 is^ in . ha mil fcq a cross-bar switch, 
for example. The channel controllers 110 are mutually connected 
to one another by the connecting portion 150, whereby the 
communication performance among the channel controllers 110 
can be more greatly enhanced as compared with the construction 
fcte3t)(NAS servers operating on individual computers are mutually 
connected to one another through LAN 400. Furthermore, this 
construction makes possible a high-speed file sharing function 
and high-speed failed-over. 

The shared memory 120 and the cache memory 130 are storage 
memories shared by the channel controllers 110^ the disk 
controllers 140 . The shared memory 120 is mainly used to store 
control information, commands, etc. , and the cache memory 130 
is mainly used to at.ciajago j[ data. 



For example, when a data input /output command received 
from the information processing device 200 by some channel 
controller 110 is a writing command, the channel controller 
110 concerned writes the^riting command into the shared memory 
120, and^at the same time^writes the writing data received from 
the information processing device 200 into the cache memory 
130. The disk controller 140 monitors the shared memory 120, 
and when it detects that the writing command is written into 
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the shared memory 120, it reads out the writing data from the 
cache memory 130 according to the command concerned and writes 
the data into the disk driving device 300. 

When a data input /output command received from the 
information processing device 200 by some channel control^ 110 
is a read-out command, it is investigated whether data to be 
read out exists in the cache memory 130. Here, if the data 
exists in the cache memory 130, the channel controller 110 
transmits the data concerned to the information processing 
device 200. On the other hand, when the data to be read out 
does not exist in the cache memory 130, the channel controller 
110 concerned writes a read- out command into the shared memory 
120, and also monitors the shared memory 120. The disk 
controller 140^ which detects that the read- out command has been 
written into the shared memory 120^ reads out the read-target 
data from the disk drivinjj^device 300 and writes the data into 
the cache memory 130, and^also writes this fact into the shared 
memory 120. When the channel controller 110 detects that the 
data to be read out has been written into the cache memory 130, 
it transmits the data concerned to the information processing 
device 200. 

As described above, ^te© data ffyre^ transmitted/received 
between the channel controller 110 and the disk controller 140 
through the cache memory 130. 

In addition to the construction trt»t- ^ the data 
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writing/reading instruction from the channel controller 110 
to the disk controller 140 may be indirectly carried out through 
the shared memory 120, the data writing/reading instruction 
from the channel controller 110 to the disk controller 140 may 
be directly carried out through no shared memory 120. 

Furthermore, by fe ringiftg j^the channel controller 110 with 
the function of the disk controller 140, the channel controller 
110 can read/write data stored in the disk driving device 300. 

The disk controller 140 controls the disk driving device 
300. For example, the channel controller 110 writes data into 
the disk driving device 300 according to the data writing command 
received from the information processing device 200 as described 
above. The disk controller 140 converts the 

logical-address-indication based I/O request to LU 310 to the 
physical-address-indication based I/O request to a physical 
disk. Furthermore, when the physical disk in the disk driving 
device 300 is managed by^ RAID^, <fcfe© data access based on the 
RAID configuration is carried out. The disk controller 140 
performs copy management control and backup control on data 
stored in the disk driving device 300. Furthermore, the disk 
controller 140 also controls storage of a copy of data of the 
storage system 600 at a primary site to another storage system 
610 set up at a secondary site (replication function or remote 
copy function ) , etc . in order to prevent data loss when a disaster 
occurs (disaster recovery) . 
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Each disk controller 140 is connected to the management 



terminal 160 and also to the internal LAN 151 , and ^enabled to 
make mutual communications with them. Accordingly, 
micro -programs , etc, to be executed in the disk controllers 
140 can be transmitted from the management terminal 160 and 
installed. The construction of the disk controller 140 will 
be described later. 

In this embodiment, the shared memory 120 and the cache 
memory 130 are equipped independently of the channel controllers 
110 and the disk controllers 140, however, this embodiment is 
not limited to this mode. It is also preferable that the shared 
memory 120 or the cache memory 130 is dispersively equipped 
to each of the channel controllers 110 and the disk controllers 
140. In this case, the connecting portion 150^mutually connect 
the channel controllers 110 and the disk controllers 140^ each 
having the dispersively-equipped shared memory 120 or cache 
memory 130. 
[ Management Terminal ] 

The management terminal 16 0 is a computer for 
maintaining/managing the storage system 600. Setting of the 
physical gj^Lsk cons truj^ the disk driving device 300, 

setting ofjLU 310, inctal l^of micro-programs to be executed 
in the channel controllers 110 and the disk controllers 140, 
etc. can be performed by operating the management terminal 160 . 
Here, expansion/reduction of the physical disk, ^change of the 



23 




RAID construction (the change from RAID1 to RAID5 , etc.) can 
be performed as tefce^setting of the physical disk construction 
in the disk driving device 300. Furthermore , i check of the 
operating state of the storage system 600 , ^specif ication of 
a trouble site, inotal l^of the operating system to be executed 
in the channel controllers 110, etc. can be also performed from 
the management terminal 160. ^tes^^etting and control are 
carried out by an operator or the like while a Web page provided 
from a Web server operating in the management terminal 160 is 
used as a y<per interface. The operator or the like can set 
targets or J contents to be trouble-monitored, set a trouble 
notification destination, etc. by operating the management 
terminal 160. 

The management terminal 160 may be designed in such a 
style as to be contained in the storage device controlling device 
100 or equipped externally. Furthermore, the management 
terminal 160 may be a computer which exclusively 
maintains/manages the storage devote controlling device 100 
and the disk driving device 300, orimay be a general computer 
which is brought with the maintenance/management function. 

Fig. 4 is a block diagram showing the construction of 
the management terminal 160. 

The management terminal 160 is equipped with^CPU 161, 
a memory 162, a port 163, a recording medium reading device 
164, an input device 165, an output device 166 and a storage 
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device 168. 

CPU 161 controls the overall management terminal 160. 
It executes a program 162c stored in the memory 162 to implement 
the function as the Web server. In the memory 162 are stored 
a physical disk management table 162a, an LU management table 
162b and the program 162c. 

The physical disk management table 162a is a table for 
managing the physical disk (disk drive) equipped to the disk 
driving device 300. The physical disk management table 162a 
is shown in Fig . 5 . Only the physical disks having the disk 
numbers #001 to #006 out of the many physical disks equipped 
to the disk driving device 300 are shown in Fig . 5 . The capacity, 
the RAID construction and the use status are shown for each 
physical disk. 

The LU management table 162b is a table for managing the 
logical volume 310 logically set on the physical disk. The 
LU management table 162b is shown in Fig. 6. Only the LUs 310 
having the LU numbers #1 to #3 out of many LUs 310 set on the 
disk driving device 300 are shown in Fig. 6. The physical disk 
number, the capacity and the RAID construction are shown for 
each LU 310. 

The recording medium reading device 164 is a device for 
reading out programs and data recorded in a recording medium 
167. The programs or data read out are stored in the memory 
162 or the storage device 168. Accordingly, the program 162c 
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recorded in the recording medium 167 can be read out from the 
recording medium 167 by using the recording medium reading device 
164, andjystored into the memory 162 or the storage device 168. 
A flexible disk, CD-ROM, a semiconductor memory or the like 
may be used as the recording medium 167 . The recording medium 
reading device 164 may be designed to be contained in the 
management terminal 160 or equipped at the external side. The 
recording device 168 may be a hard disk device, a semiconductor 
storage device or the like. The input device 165 is used to 
data input to the management terminal 160 by an operator^ the 
like. For example, a keyboard, a mouse or the like is used 
as the input device 165. An output device 16 6 may be a device 
for outputting information to the outside, and a display, a 
printer or the like is used as the output device 166. The port 
163 is connected to the internal LAN 151, and the management 
terminal 160 can communicate with the channel controllers 110, 
the disk controllers 140, etc. through the port 163. The port 
163 may be also connected to LAN 400 and a telephone line. 
[Outlook View] 

Next , Fig . 2 shows the outlook construction of the storage 
system 600 according to this embodiment, and Fig. 3 shows the 
outlook construction of the storage device controlling device 
100. 

As shown in Fig. 2, the storage system 600 of this 
embodiment is designed in such a style that the storage device 
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controlling device 100 and the disk driving device 300 are 
respectively accommodated in the respective housings . The 
housings of the disk driving device 300 are disposed at both 
the sides of the storage device controllin g " dcvico JlOO . 

The storage device onnt rnT Hng dovic e^lOO is equipped 
with the management terminal 160 at the center portion of the 
front face thereof . The management terminal 160 is covered 
by a cover, and the management terminal 160 is allowed to be 
used by opening the cover as shown in Fig, 3. The management 
terminal 160 shown in Fig. 3 is designed as a so-called lap 
top personal computer, however, it may be designed as any type 
of computer. * 

At the lower side of the management terminal 160 ^are 
e quipped slots in which the channel controllers 110, the disk 
controllers 140, the cache memory 130, the shared memory 120 
and the connecting portion 150 are mounted. Each of ^channel 
controllers 110, the disk controllers 140, the cache memory 
130, the shared memory 120 and the connecting portion 150 is 
designed in the form of a board so as to have a circuit board, 
and these boards are mounted in the respective slots. Each 
slot is equipped with guide rails for mounting the corresponding 
board. By inserting each board into the slot along the guide 
rails, the channel controllers 110, the disk controllers 140, 
the cache memory 130, the shared memory 120 and the connecting 
portion 150 can be mounted in the storage device ^oontrolliuy 
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deacifie 100. Furthermore, the boards mounted in the respective 
slots can be removed by pulling «a*t them^in the frontward 
direction along the guide rails . A connector for electrically 
connecting each board to the storage device controlling device ^ 
100 is equipped at the front surface portion in the depth 
direction of each slot. The channel controllers HO^ eonta-Mi 
CHN 110, CHF 110 and CHA 110, and all the channel controllers 
llOjcan be a±so mounted in the same slot because they are 
compatible with one another in size, connector position, 
connector pin arrangement, etc. 

The plural channel controllers 110 mounted in the slots 
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are the same kinds of plural channel controllers 110 and^form 
a cluster 180. For example, a cluster 180 can be constructed 
by pairing two CHNs 110. With the construction of clusters 
180, even when «~ trouble occurs in a channel controller 110 
belonging to some cluster, another channel controller 110 
belonging to the same cluster can take over the processing which 
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has been carried out by the channel controller 110^»sd©r trouble 
(fail-over control) . Fig. 12 shows t he asptul Ll iaL j|the cluster 
180 is constructed by two CHNs 110. 

As described above, the channel controllers 110, the disk 
controllers 140, the cache memory 130, the shared memory 120 
and the connecting portion 150 are constructed as boards which 
are mountable in fete respective slots, and each board may be 
designed to have plural circuit boards. That is, the board 
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may comprise plural circuit boards. When circuit boards are 
mutually connected to one another to form a unit and these circuit 
boards can be integrally mounted in a slot of the storage device 
controlling devioe/ ylOO , these circuit boards are contained in 
the concept of a board. , * 



The storage device oon trolling dovioo ^lOO is equipped 
with fans 170 for radiating heat ooobrri r»g^f rom the channel 
controllers 110, etc. The fans 170 are equipped at the upper 



surface portion of the storage device o o nt - rolling dovfcoc |100, 
and also equipped at the upper side of the slots. 

Conventional devices which are manufactured as 
SAN-adapted ^p ^oduj^s may be used as the storage device 
c o ntrolling — devioc ^lOO and the disk driving device 300. 
Particularly when the connectors of CHFs 110 are designed to 
be compatible with the connectors of CHAs 110 and CHFs 110 as 
described above so that they can be mounted in the slots formed 
in fete-j^conventional housing, the conventional device can be 
more simply used. That is, the storage system 600 of this 
embodiment can be easily constructed by utilizing existing 
products . 

[Channel Controller] 

The storage system 600 according to this embodiment 
accesses file access requests from the information processing 
devices 1 to 3 (200)bg^CHN llO^as described above, and^supplies 
the services as^NAS to the information processing devices 1 



29 




to 3 (200) . 

Fig . 7 shows the construction of the hardware oonotruotion 
*fig CHN 110. As shown in Fig. 7, the hardware of ^CHN 110 is 
constructed as one unified board having a circuit board(s) 118 . 

A 

CHN 110 is constructed to have one or plural circuit boards 



118. On the circuit board 118^are foumsd a processor 1 (119) , 
aprocessor 2 ( second processor ) 112 ,^DMA (data transfer device) 
114, a memory 1 (third memory) 117, a memory 2 ( second memory ) 
113 , a memory controller 1 (111) , a memory controller 2 (111) 
and a connector 116. The processor 1 (119), the processor 2 
(second processor) 112, DMA (data transfer device) 114, the 
memory controller 1 (111) and the memory controller 2 (111) 
are connected to one another throughyyPCI (Peripheral Component 
Interconnect ) bus so that they can communicate with one another . 
However, all t^a- parts are not necessarily required to be 
connected to one another through the PCI bus , and some or all j4 
the connections may be set to HU6 conformWt with other standards . 

The processor 2 (112) , the memory 2 (113) and the memory 
controller 2 (111) providejjf the communication interface 
function for communicating with the information processing 
device 200, and function as a file access processor. In the 
case of CHN 110, it receives 1#Fgaf ile access request transmitted 



from the information processing device 200 according to the 
TCP/IP protocol, for example, and controls the 
transmission/reception of data. The connector 116 connected 
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to the memory controller 2 (111) is used to communicate with 
the information processing device 200. 

The processor 2 ( 112 ) JcontrolJJ to makejCHN 110 function 
asjyNAS by executing various programs stored in the memory 2 
(113) . 

Various programs and data are stored in the memory 2 ( 113 ) . 
For example, data transmitted/received to/from the information 
processing device 200 tna^stored in the memory 2 . Furthermore , 
various kinds of programs^such as meta data 730 and a lock table 
720 shown in Fig. 9, an NAS manager 706, etc. are stored. The 
meta data 730 is information generated in connection with files 
managed by the file system. The meta data 730 contains 
information for specifying the storage places of the files, 
such as the addresses and data size onjLU 310 in which the data 
of the files aase^stored. The meta data 730 may contain the 
capacities, owners, renewal times, etc. of the files. 
Furthermore, the meta data 730 may be generated not only in 
connection with the files, but also in connection with the 
directories. Fig. 13 show an example of the meta data 730. 
The metal data 730 is also stored on each LU 310 on the disk 
driving device 3 00. 

The lock table 720 is a table for exclusively controlling 
the file access from the information processing devices 1 to 
3 (200). Through Stefe exclusive control, the information 
processing devices 1 to 3 ( 200 ) can jointly own the files . Fig . 



31 



) 



14 shows the lock tclble 720. As shown in Fig. 14, the lock 
table 720 is classified into a file lock table 721 and an LU 
lock table 722. The file lock table 721 is a table indicating 
whether the lock is applied ^every file or not. When a file 
is opened by some information processing device 200, the file 
concerned is locked. Jte^ access from the other information 
processing devices 200 to the locked file is prohibited. The 
LU lock table 722 is a table indicating whether the lock is 
applied j^every LU 310 or not. When access to some LU 310 
is made by some information processing device 200 , the LU 310 
concerned is locked. access of the other information 

processing devices 200 to the locked LU 310 is prohibited. 

The storage address (storage position) of the data stored 
in the memory 2 (113) is managed by the processor (112). 

The processor 1 (119), the memory 1 (117), DMA 114 and 
the memory controller 1 ( 111 ) transmit /receive data or commands 
to/from the disk controllers 140, the cache memory 130, the 
shared memory 120 and the management terminal 160. The 
processor 1 (119) instructs DMA 114 to transfer the data stored 
in the memory 2 (113) to the cache memory 130 and transfer the 
data stored in the cache memory 130 to the memory 2 ( 113 ) . That 
is, the data transfer between the memory 2 (113) and the cache 
memory 130 is carried out by DMA 114. 

The processor 1 (119) outputs to the disk controller 140j 
through the shared memory 120 j the block access request 
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corresponding to the file access request received from the 
information processing device 200 by the processor 2 (112). 
The processor 1 (119) manages the storage addresses (storage 
positions ) of data stored in the cache memory 130 and the storage 
addresses (storage positions) of data stored in the memory 1 
(117). 

The data transfer carried out between the cache memory 
130 and the memory 2 (113) will be descried in detail later. 

Next, the hardware construction of i CHF 110 and CHA 110 

Ik *4k 

is shown in Fig. 8. As in the case of^CHN 110 , each of/ CHF 
110 and CHA 110 is constructed as one unified board having a 
circuit board(s) 118. Like CHN 110, each ofJCHA 110 and CHF 
110 may be constructed to have plural circuit boards. CHF 110 
and CHA 110 are designed to be compatible with CHN 110 in ttee 
size, the position of the connector 116, the pin arrangement 
of the connector 116, etc. 

A processor 1 ( 119 ) , a protocol chip 115 ,y DMA 114 , a memory 
1 (117), a memory 2 (113), a memory controller 1 (111), a memory 
controller 2 (111) and a connector 116 are formed on the circuit 



board 118 of^CHF 1^0 and CHA 110. The processor 1 (119), the 
protocol chip 115^JbMA 114, the memory controller 1 (111) and 
the memory controller 2 (111) are connected to one another 



through a PCI (peripheral Component Interconnect) bus *fcfee ^ 
communications can be carried out thereamong. However, all 4 
the parts are not necessarily required to be connected to one 



33 




another through the PCI bus, and some or all of the connections 
may be designed to ^ conf ormtf&At&l with another standard. 

The protocol chip 115, the memory 2 (113) and the memory 
controller 2 ( 111 ) provide the communication interface function 
for communicating with the information processing device 200. 
In the case of CHF 110, it receives the block access request 
transmitted from the information processing device 200 
according to the fibre channel protocol. In the case of CHA 
110, it receives the block access request transmitted from the 
information processing device 200 according to a protocol such 
as FICON (registered trademark) , ESCON (registered trademark) , 
ACONARC (registered trademark), FIBARC (registered trademark) 
or the like. The connector 116 connected to the memory 
controller 2 (111) is a connector for connecting with the 
information processing device 200. In the case of CHF 110, 
it is a connector connectable to J SAN 500, and it is adapted 
to fibre channels. In the case of CHA 110, it is a connector 
connectable to the information processing device 5, and it is 
adapted to FICON (registered trademark), ESCON (registered 
trademark) , ACONARC ( registered trademark) , FIBARC (registered 
trademark), etc. * 

In the memory 2 J^are stored data transmitted/received 
to/from the ^formation processing device 200, for example. 
In the case of\CHF 110 or CHA 110, the storage addresses (storage 
positions) of data stored in the memory 2 (113) are managed 
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by the processor 1 (119). 

The processor 1 (119), the memory 1 (117),j^DMA 114 and 
the memory controller (111) transmit /receive data and commands 
to/from the disk controllers 140, the cache memory 130, the 
shared memory 120 and the management terminal 160. The 
processor 1 (119) instructsjDMA 114 to transmit tl^e data stored 
in the cache memory 130 to the memory 2 (113) and trannmi t the 
d ata nt orod in tho r-arhe memory 130 t-n thn mnmnry 9 (11^ . That 
is, the data transfer between the memory 2 (113) and the cache 
memory 130 is carried out by DMA 114. 

The processor 1 (119) outputs the block access request 
received from the information processing device 200 through 
the shared memory 12 0 to the disk controller 140. Furthermore, 
the processor 1 (119) manages the storage addresses (storage 
positions) of the data stored in the cache memory 130 and the 
storage addresses (storage positions) of the. data stored in 
the memory 1 (117). That is, in the case ofjCHA 110 or CHF 
110, the data transfer between the memory 2 (113) and the cache 
memory 130 is carried out on the basis of the storage positions 
of the data of the cache memory 130 and the memory 2 ( 113 ) managed 
by the processor 1 (119). 
[Disk Controller] 

NS3tfc*~Ehe construction of the disk controller 140 is shown 
in Fig. 10.— ^ 

^The disk controller 140 is equipped with an interface 
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portion 141, a memory 143, /CPU 142,^NVRAM (nonvolatile 
random- access memory) 144 , and a connector 145 , and these parts 
are integrally formed as a unit. 

The interface portion 141 is equipped with a communication 
interface for communicating with the channel controllers 110, 
etc. through the connecting portion 150, and a communication 
interface for communicating with the disk driving device 300. 

j^CPU 142 controls the overall disk controller 140, and 
also communicates with the channel controller 110, the disk 
driving device 300 and the management terminal 160 . The various 
programs stored in the memory 143 and NVRAM 144 are executed 
byyCPU 142 to implement the function of the disk controller 
140 according to this embodiment. The function implemented 
by the disk controller 140 ^ contain^ the control of the disk 
driving device 300, the RAID control, the copy management , backup 
control and remote copy control, etc. of data stored in the 
disk driving device 300. 

y NVRAM 144 is a nonvolatile memory for storing programs 



us^d to controljCPU 142. The contents of the programs stored 
in j| NVRAM 144 can be written/rewritten on the basis of an 
instruction from the NAS manager 706. 

Furthermore, the disk controller 140 is equipped with 
a connector 145 . The connector 145 is engaged with the connector 
at the storage device eH^stecca ri'lTg ^ISv'lUu ^100 side, whereby the 
disk controller 140 is electrically connected to the storage 



36 



device controlling dovioQ^ lOO, 
[Software Configuration] 

The software configuration of the storage system 
600 according to this embodiment is shown in Fig. 11. 

Software such as a RAID manager 708, a volume manager 
707, an SVP (Service Processor) manager 709, a file system 
program 703 , a network control program 70 2 , a backup management 
program 710, a trouble management program 705, an NAS manager 
706, etc. operate on an operating system 701. 

The RAID manager 708 operating on the operating system 
701 provides the setting function of parameters for the RAID 
controller 740 which is carried out in the disk controller 140, 
and the function of controlling the RAID controller 740. The 
RAID manager 708 accepts the operating system 701 and the other 
applications operating on the operating system 701, or 
parameters and control instruction information from the 
management terminal 160 to set the accepted parameters in the 
RAID controller 7 40 and transmit the control command 
corresponding to the RAID controller instruction information. 

The volume manager 707 supplies the file system block 
703 with a virtual logic volume achieved by further virtualizing ^ 
LU 310 supplied from the RAID controller 740. One virtual logic 
volume comprises one or more logic volumes . 

The main function of the file system program 703 is to 
manage the association between a file name indicated in a file 
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access request received by the network control program 702 and 
the address on the virtual logic volume at which the file name 
concerned is stored. For example, the file system program 703 
specifies the address on the virtual logic volume which 
corresponds to the file name indicated in the file access 
request . 

The network control program 702 comprises two file system 
protocols NFS (Network File System) 711 and samba 712 . NFS 
711 accepts a file access request from a UNIX (registered 
trademark) type information processing device 200 in which NFS 
711 operates. Samba 712 accepts a file access request from 
a Windows (registered trademark) type information processing 
device 200 in which CIFS (Common Interface File System) 713 
operates . ^ 

The NAS manager 706 is a program iteaejcheck and set the 
operating status of the storage sys tem 600. The NAS manager 
706 also functions as a web server, andjprovides the information 
processing device 200 with a Web page for performing the setting 
and control of the storage system 6 00 from the information 
processing device 200. The NAS manager 706 receives the data 
relevant to the setting and control which are transmitted from 
the information processing device 200 in response to the 
operation of the Web page, and executes t3=m setting and control 
corresponding to the data. Accordingly, various setting and 
control of the storage system 600 can be performed from the 
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information processing devices 1 to 3 (200). 

The backup management program 710 is a program for backing 
up the data stored in the disk driving device 300 via LAN 400 
or SAN 500, 

The trouble management program 705 is a program for 
performing the fail -over control described above between the 
channel controllers 110 constituting the cluster 180. 

The SVP manager 709 supplies the management terminal 160 

with various services in response to a request from the 

management terminal 160. For example, it supplies the 

management terminal 160 with various setting contents 

concerning the storage system 600^ such as the setting content 

of LU 310, the setting content of RAID, etc. , and reflects the 

various kinds of settings relevant to the storage system 600 

T 

which are input from the management terminal 160. 

The security management program 716 implements a computer 

^u*Z£*+\ fax 

virus detecting function, a jjmonitoring function of invasion 
ofj computer virus , a management function <*tf jprenewal of a computer 
virus detecting program, a function of excluding ^infected 
computer virus, a fire wall function, etc. 
[Data transfer by DMA] 

Next, £fce data transfer between the memory 2 (113) and 
the cache memory 13 0 in CHN 110 according to this embodiment 
will be described. 

As shown in Fig. 16, the memory 2 has a data area and 
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a script area. Data to be transferred to the cache memory 130 
or data transferred from the cache memory 130 are stored in 
the data area . The storage position of each o f thc£> e data stored 
in the data area, the size (area length) of the storage area 
of each data, etc. are stored in the script area of the memory 
2 (113) as a script for the processor 2 (second data transfer 
information) in association with each data. The script for 
the processor 2 has respective columns for "script identifier" , 
"area head address" , "area length" and "sequential Flag" . ~^Ehe 
"script identifier" indicates an identification number 
allocated^ every script for the processor 2. The "area head 
address" indicates the storage address of data stored in the 
data area. The "area length" indicates the size of the storage 
area of the data. The "sequential Flag" is a flag set when 
plural data stored in the data area are required to be transferred 
«±ja lump. These scripts for the processor 2 stored in the 
memory 2 (113) are set by the processor 2 (112), and written 
in the script area of the memory 2 (113). 

Furthermore, data to be transferred to the memory 2 (113) 
or data transferred from the memory 2 (113) are stored in the 
data area of the cache memory 130 as shown in Fig. 18. The 
storage position of each of. thes e data stored in the data area, 
the size (area length) of the storage area of each data, etc. 
are stored in the script area of the memory 1 (117) as a script 
for the processor 1 (first data transfer information) in 
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association with each data. The script for the processor 1 
is equipped with respective columns for " script identifier", 
"area head address" , "area length" and "sequential Flag" . The 
meaning of each column is the same as the script for the processor 
2 in the memory 2 ( 113 ) . The scripts for the processor 1 stored 
in the memory 1 (117) are set by the processor 1 (119), and 
written into the scrip area of the memory 1 (117). 

Next, the construction of j DMA 114 for controlling the 
data transfer between the memory 1 (113) and the cache memory 
130 on the basis of each script will be described with reference 
to Fig. 15. 

^DMA 114 has a DMA controller 801, a PCI interface 802, 
a transfer start register 803, a transfer register 804, an 
initializing register 805 and a script register 806. 

The DMA controller 801 controls the whole DMA 114. For 
example, it reads out the scripts described above, controls 
the data transfer, outputs an end status (the transfer result 
of data), etc. The DMA controller 801 may be constructed by 
only hardware or by a combination of hardware and software. 

The PCI interface 802 is a communication interface for 
communicating with the memory controller 111, £tc. through the 



PCI bus. However, when the connection between^ DMA 114 and the 
memory controllers 111, etc. is conformed with standards jjthan 
PCI, the PCI interface 802 may be a communication interface 
conformed with the respective other standards. 
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. The transfer start register 803 is equipped with each 
of ), registers for "request transfer length", "transfer 
direction" , "processor 2 starting script number" and "processor 
1 starting script number". 

The "request transfer length" register describes the 
total data length of data transferred between the memory 2 ( 113 ) 
and the cache memory 130. The request transfer length is 
determined on the basis of the file access request received 
from the information processing device 200. For example, when 
the processor 2 (112) receives a writing request of data of 
8 kilo bytes (kB) from the information processing device 200, 
8kB is stored in the "request transfer length" register. As A 
described in detail later, the request transfer length is 
temporarily transmitted from the processor 2 (112) for receiving 
the file access request to the processor 1 (119), then it 

is written into the transfer start register 803 ofJJDMA 114 by 
the processor 1 (119) when the processor 1 (119) starts data 
transfer tojy DMA 114. 

The "transfer direction" register describes whether the 



data transfer dirocl ^ from the memory 2 ( 113 ) to the cache memory 
130 or from the cache memory 130 to the memory 2 (113). The 
transfer direction is determined on the basis of the file access 
request received from the information processing device 200 
by the processor 2 (112). For example, when the processor 2 
receives a data writing request from the information processing 
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device 200, the transfer direction is the transfer from the 
memory 2 (113) to the cache memory 130. When the processor 
2 (112) receives a data reading request from the information 
processing device 200, the transfer direction is from the cache 
memory 130 to the memory 2(113). As Jjdescribed in detail later , 
as in the case of the request transfer length, the transfer 
direction is temporarily transmitted from the processor 2 ( 112 ) 
for receiving the file access request to the processor 1 (119) , 
and then jwritten into the transfer start register 803 of DMA 
114 by the processor 1 (119) when the processor 1 (119) starts 
the data transfer to DMA 114. 

The identifier of the script for the processor 2 stored 
in the memory 2 ( 113 ^described in the "processor 2 starting 
script number" . The DMA controller 801 reads out from the memory 
2 (113) the script for the processor 2 stored in the "processor 
2 starting script number" register, and starts the data transf er . 
The processor 2 starting script number is temporarily 
transmitted from the processor 2 (112) for controlling the memory 
2 (113) to the processor 1 ^19), and then^written into the 
transfer start register 803 of/DMA 114 by the processor 1 (119) 
when the processor 1 (119) starts the data transfer tcjj~DMA 114. 
Alternatively, when the sequential Flag is set in the script 
for the processor 2, the processor 2 starting script number 
is renewed by the DMA controller 801. 

The identifier of the script for the processor 1 stored 
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in the memory 1 (117) is described in the "processor 1 starting 
script number" . The DMA controller 801 reads out from the memory 
1 (117) the script for the processor 1 stored in the "processor 
1 starting script number", and starts the data transfer. The 
processor 1 starting script number is written into the transfer 
start register 803 of DMA 114 by the processor 1 (119) when 
the processor 1 ( 112 ) for controlling the cache memory 130 starts 
the data transfer to DMA 114. Alternatively, when the 
sequential Flag is set in the script for the processor 1, the 
processor 1 starting script number is renewed by the DMA 
controller 801. 

The transfer register 804 is equipped with respective 
registers for "transfer unit", "transfer source address", 
"transfer destination address" and "residual transfer length" . 

The "transfer unit" register describes the data transfer 
length in one data transfer. The data transfer length in one - 
data transfer is calculated by the DMA controller 801. As 
described in detail later, the transfer unit is determined by 
the DMA controller 801 according the flow shown in Fig. 22. 

The "transfer source address" register indicates the 
storage position of data before transfer. The transfer source 
address is determined on the basis of the description of the 
transfer direction and the script for the processor 1 or the 
script for the processor 2 . During the data transfer , the value 
of the "transfer source address" register is properly 
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incremented or decremented by the DMA controller 801 with the 
progress of the data transfer. 

The "transfer destination address" register indicates 
the storage position of data after transfer. The transfer 
destination address is determined on the basis of the description 
of the transfer direction and the script for the processor 1 
or the script for the processor 2. During the data transfer, 
the value of the "transfer destination address" register is 
properly incremented or decremented by the DMA controller 801 
with the progress of the data transfer. 

The "residual transfer length" register indicates the 
value achieved by subtracting the transferred data transfer 
length from the request transfer length. The residual transfer 
length is properly renewed by the DMA controller 801 with the 
progress of the data transfer. 

The initializing register 805 has respective registers 
for "script area head address for the processor 2", "script 
number for the processor 2", "script size for the processor 
2", "script area head address for the processor 1", "script 
number for the processor 1" and "script size for the processor 
1" . These values of the initializing register 805 may be read 



when the channel controllers 110 are powered on and reset. 

The "script area head address for the processor 2" 
indicates the head address of the script area in the memory 




out from^NVRAM equipped to CHN 110 by the DMA controller 801 
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2 (113) . That is, it indicates the address at which the script 
0 for the processor 2 is stored. 

The "script number for the processor 2" indicates the 
number of scripts for the processor 2. It is equal to N + 1 
in the case of Fig. 16. 

The "script size for the processor 2" indicates the size 
of the script for the processor 2. When the size of the script 
for the processor 2 is fixed as described above, the storage 
address of the script for target processor 2 based on the head 
address of the script area can be calculated by specifying the 
identifier of the script for the processor 2. 

Each of the "script area head address for the processor 
1" register, the "script number for the processor 1" register 
and the "script size for the processor 1" register is the same 
as the script for the processor 2. 

The script register 806 has respective registers for 
"execution script number for the processor 2" , "effective area 
length for the processor 2", "execution script number for the 
processor 1" and "effective area length for the processor 1". 

The "execution script number for the processor 2 " register 
indicates the identifier of the script for the processor being 
executed at present. The execution script number for the 
processor 2 is set by the DMA controller 801. 

The "effective area length for the processor 2" register 
indicates a value achieved by subtracting the transferred data 
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size from the area length described in the column of the area 
length of the script for the processor 2 , and it is properly 
decremented by the DMA controller 801 with the progress of the 
data transfer. 

The "execution script number for the processor 1" and 
the "effective area length for the processor 1" are the same 
as the "execution script number for the processor 2" register 
and the "effective area length for the processor 2" register. 
[Flow of Data Transfer] 

Next, the processing flow of the data transfer carried 
out between the memory 2 (113) and the cache memory 130 will 
be described with reference to the flowchart of Figs 19 to 23. 

First, the processor 2 ( 112) secures the data area (S1000) . 
When the file access request transmitted from the information 
processing device 200 is a writing request, the securement of 
the data area means that writing data aa^stored in the memory 
2 (113). When the file access request transmitted from the 
information processing device 200 is a reading request, the 
securement means that a storage area for storing read-out data 
is secured in the memory 2 (113). Here, the data area to be 
secured is not limited to one. This is because there may be 
a case where data relevant to one file access request must be 
divided into plural parts and then stored in the memory 2 ,(113) 
under some distribution situation of the data-storable area 
in the memory 2 (113). 
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Subsequently, the processor 2 (112) creates the script 
for the processor 2 (S1001). The head address , the area length, 
etc. of the data area secured in S1000 are stored as the script 
for the processor 2 in the script area of the memory 2 (113) . 
When plural data areas are secured in S1000, the script for 
the processor 2 is created^ every data area. At this time, 
sequential Flags are set to manage the respective scripts for 

the processor 2 in a lump. 

y 

Accordingly, the scripts for the processor 2 containing 
information indicating the storage positions of data in the 
memory 2 (113) are written in the memory 2 (113). 

The processor 2 (112) transmits a data transfer request 
command to the processor 1 (119) (S1002). The data 
transfer request command contains the identifier of the script 
for the processor 2 created in S101, the request transfer length 
and the transfer direction. The request transfer length is 
the size of the data to be read/written, which is described 
in the file access request. 

The processor 1 (119) analyzes the data transfer request 
command transmitted from the processor 2 (112) (S1003) to 
recognize the number of the script for the processor 2, the 
request transfer length and the transfer direction. 

Subsequently, the processor 1 (119) secures in the cache 
memory 130 the data area having the size indicated by the request 
transfer length (S1004). In this case, there is also a case 
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where plural data areas are secured under some distribution 
situation of the storable memory space in the cache memory 130 . 

The processor 1 ( 119 ) creates the script for the processor 
1 in connection with each data area secured in the cache memory 
130 (S1005). When plural data areas are secured, sequential 
Flags are set to manage the respective scripts for the processor 
1 in a lump. 

Accordingly, the scripts for the processor 1 containing 
the information indicating the storage positions of the data 
in the cache memory 130 are written in the memory 1 (117). 

Thereafter, the processor 1 (119) transmits the transfer 
start information containing the request transfer length, the 
transfer direction, the identifier of the script for the 
processor 2 and the identifier of the script for the processor 
1 to^DMA 114 , Jj^^ /writes ^feeoej data into the transfer start 
register 803 of/DMA 114, whereby the processor 1 (119) starts 
DMA 114 (S1006) . ^ 

At this time, | DMA 114 starts the DMA transfer processing 
(S1007). The DMA transfer processing will be described with 
reference to Figs. 20 to 23. 

First, the DMA controller 801 achieves the script for 
the processor 1 and the script for the processor 2 on the basis 
of the identifiers of the script for the processor 1 and the 
script for the processor 2^ described in the transfer start 
information (S2000) . The scripts are achieved as shown in Fig. 
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21. 

The DMA controller 801 calculates the storage address 
of the script for the processor 1 in the memory 1 (117) from 
the identifier of the script for the processor 1 described in 
the transfer start information transmitted from the processor 
1 (119) and the size of the script for the processor 1 stored 
in the initializing register 805 on the basis of the transfer 
start information (S3000). When the storage address of the 
script for the processor 1 can be calculated, the script for 
the processor 1 is subsequently read out from the storage address 
concerned in the memory 1 (117) (S3001). Here, the DMA 
controller 801 d caeyibes J the area head address described in 
the script for the processor 1 into the transfer destination 
address or transfer source address column of the transfer 
register 804 in accordance with the transfer direction. The 
script identifier described in the script for the processor 
1 and the area length described in the area length column are 
written in the execution script number column for the processor 
1 of the script register 806 and the effective area length column 
for the processor 1, respectively (S3002). 

Likewise, the DMA controller 801 calculates the storage 
address of the script for the processor 2 in the memory 2 
(113) from the identifier of the script for the processor 2 
described in the transfer start information transmitted from 
the processor 1 ( 119 ) and the size of the script for the processor 



2 stored in the initializing register 805 on the basis of the 
transfer start information (S3000) . When the storage address 
of the script for the processor 2 can be calculated, the script 
for the processor 2 is subsequently read out from the storage 
address concerned in the memory 2 (113) (S30001). Here, the 
DMA controller 801 de a - eribe ^ the area head address described 
in the script for the processor 2 in the transfer source address 
column or transfer destination address column of the transfer 
register 804 in accordance with the transfer direction. The 
script identifier described in the script for the processor 
2 of the script register 806 and the area length described in 
the area length column are written in the execution script number 
column for the processor 2 of the script register 806 and the 
effective area length column for the processor 2, respectively 
(S3002). 

Subsequently, the DMA controller 801 determines the 
transfer unit (S2001 ) . The transfer unit is determined 
according to the flow shown in Fig. 22. 

First , the DMA controller 801 writes the residual transfer 
length into the residual transfer column of the transfer register 
804. The request transfer length is written at the start time 
of the transfer (S4000). 

The minimum length of the effective area length of the 
processor 1, the effective area length of the processor 2 and 
the residual transfer length is set as the transfer unit (S4001 
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to S4007) . 

The DMA controller 801 transfers to the transfer 
destination address the data stored at the transfer source 
address stored in the transfer register 804 to the transfer 
destination address whose data amount corresponds to only the 
data size of the transfer unit (S2002). 

During execution of the transfer, the transfer source 
address, the transfer destination address and the residual 
transfer length of the transfer register 804 are successively 
renewed, and each of the effective area length for the processor 
2 and the effective area length for the processor 1 in the script 
register 806 are successively decremented every data size of 
transferred data. 

When any value of the effective area length for the 
processor 2, the effective area for the processor 1 and the 
residual transfer length in the script register 806 is equal 
to zero , the DMA controller 801 carries out transfer end judgment 
processing ( S2003 ) . 

The transfer , end judgment processing is carried out 
according to the flow shown in Fig. 23. 

First , the DMA controller 801 checks the residual transfer 
length of the transfer register 804 (S5000) . When the residual 
transfer length is equal to zero, transfer of all the data of 
the request transfer length has been completed, and thus the 
processing goes to "No" to finish the processing. 
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On the other hand, when the residual transfer length is 
not equal to zero, at least one of the effective area length 
for the processor 1 and the effective area length for the 
processor 2 is equal to zero. In this case, the script whose 
effective area length is equal to zero contains a script to 
be next executed while the later script to be next executed 
is linked to the former script with a sequential Flag, Through 
the processing of S5001 to S5004, it is determined whether the 
script in which the script to be next executed exists is a script 
for the processor 1 or a script for the processor 2. 

First , it is checked in S5001 whether the effective length 
for the processor 1 of the script register 806 is equal to zero 
or not. If it is equal to zero, the processing goes to "Yes", 
and the start script number for the processor 1 is renewed in 
S5002. If it is not equal to zero, the processing goes to "No" . 

Subsequently, it is checked whether the effective area 
length for the processor 2 is equal to zero or not (S5003). 
If it is equal to zero, the processing goes to "Yes", and the 
start script number for the processor 2 is renewed in S5004. 
If it is not equal to zero, the processing goes to "No". 

Subsequently, the DMA controller 801 executes the 
processing of S2000 again. At this time, the DMA controller 
801 reads out the start script number for the processor 1 of 
the transfer starting register 803 which is renewed in S5002 
or S5004, or the script indicated by the start script for the 
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processor 2 . The DMA controller 801 carries out the DMA transfer 
according to the script which is newly read out. 

Finally, when the residual transfer length of the transfer 
register 804 in the transfer end judgment processing in S2003 
is equal to zero, the DMA controller 801 finishes the transfer 
processing. The DMA controller 801 writes into the memory 1 
( 117 ) an end status in which the result of the transfer processing 

A: 

is described (S1008) , andjtransmits an end notification to the 
processor 1 (119) (S1009). The end notification may be 
transmitted on the basis of an interruption signal. 

The processor 1 (119) reads out the end status from the 
memory 1 (117), and^executes the processing corresponding to 
the content thereof (S1010). The processor 1 (119) transmits 
the end notification to the processor 2 (112). 

When the file access request is a data read-out request, 
the processor 2 ( 112 ) can read out the read-out data transmitted 
to the data area of the memory 2 (113) f and transmit the data 
to the information processing device 200 . When the file access 
request is a data writing request , the storage area of the memory 
2 (113) in which the writing data are stored may be opened^ 
and used for other processing. 

As described above, in the storage device controlling 
device 100 according to this embodiment, the information such 
as the data storage position, etc. of the cache memory 130 and 
the information such as the data storage position, etc. of in 
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the memory 2 (113) are written in the memory 1 (117) by the 
processor 1 (119). DMA 114 reads out tfee^e^inf ormation from 
the memory 1 (117)^ and carries out the data transfer. 
Accordingly, the idling time of the processor 1 (119) can be 
reduced, and the processor 1 (119) can be efficiently executed, 
so that the speed of the data reading/writing operating in 
response to the file access request can be increased. 

In the storage device controlling device 100 according 
to this embodiment, the script for the processor 2 is stored 
in the memory 2 (113). The processor 2 (112) transmits, not 
the script for the processor 2, but the information indicating 
the storage position of the script for the processor 2 to the 
processor 1 (119). With this operation, the amount of data 
transmitted from the inter-processor communication can be 
reduced, and the communication time can be also reduced. 
Therefore, the DMA starting processing time can be shortened, 
and the speed of the data reading/writing operation carried 
out in response to the file access request can be increased. 

Furthermore, according to the storage device controlling 
device 100 of this embodiment, even when the data size of the 
transfer source and the data size of the transfer destination 
are different from each other, the data transfer can be 
controlled by DMA 114 without carrying out any control by the 
processor 1 (119) or the processor 2 (112). Accordingly, the 
processing loads of the processor 1 (119) and the processor 
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2 (113) can be reduced, and the speed of the data reading/writing 
operation carried out in response to the file access request 
from the information processing device 200 can be increased. 

In the storage device controlling device 100 according 
to this embodiment, the end status is not stored in the register 
of}yDMA114, butpregis tered into the memory 1 (117) . The processor 
1 (119) reads out the end status from the memory 1 (117), so 
that the reading time of the end status by the processor 1 (119) 
can be shortened. The idle time of the processor 1 (119) can 
be reduced. Accordingly, the speed of the data reading/writing 
operation carried out in response to the file access request 
from the information processing device 200 can be increased. 

According to the storage device controlling device 100 
of this embodiment, the speed of the data reading/writing 
operation carried out in response to the file access request 
from the information processing device 200 can be increased, 
so that the speed of the data transmission/reception to/from 
the storage system 610 set up at the secondary site and the 
speed of the data transmission/reception to/from the backup 
devices 900, 910 can be increased. The processing performance 
of the overall information processing system can be greatly 
enhanced irrespective of the scale of the information processing 
system using the storage system 600. 

In S1002, the data transfer request command transmitted 
from the processor 2 (112) to the processor 1 (119) may be set 
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not to contain the identifier of the script for the processor 
2. In this case, the processor 2 (112) may be set so that the 
identifier of the script for the processor 2 is stored at a 



114 reads out the identifier of the script for the processor 
2 from the storage position concerned before the DMA transfer 
processing of S1007 is started. 

In S1006, the transfer starting information transmitted 
from the processor 1 (119) to DMA 114 may be set not to contain 
the identifiers of the scripts for the processor 1 and for the 
processor 2. In this case, the processor 1 (112) may be set 
so that the identifier of the script for the processor 1 and 
the identifier of the script for the processor 2 are stored 



at predetermined storage positions in the memory 1 (117) , and 
DMA 114 can readout the identifier of the script for the processor 
1 and the identifier of the script for the processor 2 can be 
read out from the storage positions concerned before the DMA 
transfer processing of S1007 is started. 
[Specific Example of DMA Transfer] 

Next, the processing flow of the data transfer carried 
out between the memory 2 (113) and the cache memory 130 will 
be described with reference to Fig. 24. In the example shown 
in Fig. 24, two 4kB data stored in the memory 2 (113) are 
transferred as 2kB data and 6kB data to the 64kB data area of 
the cache memory 130. 
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In Fig. 19, the processor 2 (112) secures the data area 
( S1000 ) . The securement of the data area means that the writing 
data transmitted from the information processing device 200 
^stored in the memory 2 (113). In the example of Fig. 24, 
the two 4kB data are stored in the memory 2 (113).. 

Subsequently, the processor 2 (112) creates the script 
for the processor 2 ( S1001 ) . Here, the processor 2 ( 112 ) creates 
two scripts for the processor 2 in connection with the two data 
stored in the memory 2 (113) Fig. 24 shows the creation of 
the script 0 for the processor 2 and the script 1 for the processor 
2. w 4kB" is described as the area length in the script 0 for 
the processor 2, and a sequential Flag is set. Furthermore, 
"4kB ff is described as the area length in the script 1 for the 
processor 2, and no sequential Flag is set. 

The processor 2 ( 112 ) transmits the data transfer request 
command to the processor 1 (119) (S1002). The data transfer 
command contains the identifier of the script for the processor 
2 created in S1001 , the request transfer length and the transfer 
direction. Here, "0" and "1" are transmitted as the identifier 
of the script for the processor 2, and "8kB" is transmitted 
as the request transfer length. The transfer from the memory 
2 (113) to the cache memory 130 is indicated as the transfer 
direction. The identifier of the script for the processor 2 
transmitted from the processor 2 ( 112 ) to the processor 1 ( 119 ) 
may be set to be only "0". 
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Subsequently, the processor 1 (119) analyzes the data 
transfer command transmitted from the processor 2 (112) (S1003), 
thereby recognizing the number of the script for the processor 
2, the request transfer length and the transfer direction. 

The processor 1 (119) secures the data area having the 
size indicated by the request transfer length in the cache memory 
130 (S1004). In Fig. 24, a 2kB data area and a 6kB data area 
are secured. 

The processor 1 ( 119 ) creates the script for the processor 
1 (S1005). Here the processor 1 (119) creates two scripts for 
the processor 1 in connection with the two data areas secured 
in the cache memory 130. In Fig. 24, it is shown that the 
script 0 for the processor 1 and the script 1 for the processor 
1 are created. t, 2kB" is described as the area length in the 
script 0 for the processor 1, and a sequential Flag is set. 
"6kB" is described as the area length in the script 1 for the 
processor 1, and no sequential Flag is set. 

Thereafter, the processor 1 (119) transmits to DMA 114 
the transfer start information containing the request transfer 
length, the transfer direction, the identifier of the script 
0 for the processor 2 and the identifier of the script 0 for 
the processor 1, and writes "Ctesa^data into the transfer start 
register 803 of DMA 114, thereby starting DMA 114 (S1006). 

At this time, DMA 114 starts the DMA transfer processing 
(S1007) . 
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Specifically, the DMA controller 801 first achieves the 
script 0 for the processor 1 and the script 0 for the processor 
2 (S2000). The achievement of the scripts is carried out as 
shown in Fig. 21. 

First, the DMA controller 801 calculates the storage 
address of the script 0 for the processor 1 in the memory 1 
(117) from the identifier of the script 0 for the processor 
1 described in the transfer start information transmitted from 
the processor 1 ( 119 ) and the size of the script for the processor 
1 stored Jttythe initializing register on the basis of the transfer 
start information (S3000). When the storage address of the 
script 0 for the processor 1 is calculated, the script 0 for 
the processor 1 is read out from the storage address concerned 
in the memory 1 (117) (S3001). Here, the DMA controller 801 
describes the #0 area head address described in the script 0 
for the processor 1 in the transfer destination address column 
of the transfer register 804. The script identifier "0" 
described in the script 0 for the processor 1 and "2kB" described 
in the area length column are written in the execution script 
number column for the processor 1 and the effective area length 
column for the processor 1 in the script register 806, 
respectively (S3002) . 

Likewise, the DMA controller 801 calculates the storage 
address of the script 0 for the processor 2 in the memory 2 
(113) from the identifier of the script 0 for the processor 
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2 described in the transfer start information transmitted from 
the processor 1 (119) and the script size for the processor 
2 stored in the initializing register on the basis of the 
transfer start information (s3000) . When the storage address 
of the script 0 for the processor 2 is calculated, the script 
0 for the processor 2 is subsequently read out from the storage 
address concerned in the memory 2 (113) (S3001). Here, the 
DMA controller 801 ^eee^^S^j^the #0 area head address described 
in the script 0 for the processor 2 into the transfer source 
address column of the transfer register 804. The script 
identifier 0 described in the script 0 for the processor 2 and 
"4kB" described in the area length column are written in the 
execution script number column for the processor 2 and the 
effective area length column for the processor 2 in the script 
register 806, respectively (S3002). 

Subsequently, the DMA controller 801 determines the 
transfer unit (S2001) . The determination of the transfer unit 
is carried out according to the flow shown in Fig. 22. 

First, the DMA controller 801 writes the request transfer 
length M 8kB" into the residual transfer length column of the 
transfer register 804 (S4000). 

Subsequently, the effective area length "2kB" of the 
processor 1 in the script register 806 is compared with the 
effective area length "4kB" of the processor 2 in the script 
register 806 (S4001 ) . In this case, the latter effective length 
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is large and thus the processing goes to "Yes". Then, the 
effective area length "2kB" of the processor 1 is compared with 
the residual transfer length "8kB" (S4002). In this case, the 
latter length is larger, and thus the processing goes to "Yes" . 
Accordingly, the effective length "2kB" of the processor 1 is 
determined as the transfer unit (s4003). 

The DMA controller 801 transfers to the transfer 
destination address the data stored in the transfer source 
address stored in the transfer register 804, the data amount 
of the data thus transferred corresponding to only the data 
size of the transfer unit (S2002) . That is, in this case, the 
data of the memory 2 (113) is transferred to the cache memory 
130 by only 2kB. 

During execution of the transfer, the transfer source 
address of the transfer register 804, the transfer destination 
register and the residual transfer length are successively 
renewed, and the effective area length for the processor 2 and 
the effective area length for the processor 1 in the script 
register 806 are successively reduced ^ every data amount 
corresponding to the size of the transferred data. 

When the effective area length for the processor 2, the 
effective area for the processor 1 or the residual transfer 
length in the script register 806 is equal to zero, the DMA 
controller 801 carries out the transfer end judgment processing 
(S2003). At this time point, the effective area length for 
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the processor 1 in the script register 806 is equal to zero, 
the effective area length for the processor 2 is equal to 2kB , 
and the residual transfer length is equal to 6kB (transfer 
request length 8kB - transfer unit 2kB) . 

The transfer end judgment processing is carried out 
according to the flow shown in Fig. 23. First, the DMA controller 
801 checks the residual transfer length of the transfer register 
804 (S5000). In this case, the residual transfer length is 
equal to 6kB, and thus the processing goes to "Yes". It is 
checked whether the effective area length for the processor 
1 in the script register 806 is equal to zero or not (S5001) . 
As described above, the effective length for the processor 1 
is equal to zero, and thus the processing goes to "No". Then, 
the start script number for the processor 1 of the transfer 
start register 803 is incremented (S5002) . Specifically, the 
start script number for the processor 1 is set to 1. 

Subsequently, the DMA controller 801 checks the effective 
area length for the processor 2 of the script register 806 ( S5003 ) . 
The effective area length for the processor 2 is equal to 2kB 
as described above, and thus the processing goes to "Yes". 

The DMA controller 801 carries out the processing of S2000 
again . At this time , the DMA controller 801 reads out the script 
indicated by the start script number for the processor 1 in 
the transfer start register 803 which is renewed in S5002 . That 
is , the DMA controller 801 reads out the script 1 for the processor 
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1 from the memory 1 (117 ) by executing the processing from S3000 
to S3001. Then, the DMA controller 801 describes the #1 area 
head address described in the script 1 for the processor 1 into 
the transfer destination address column of the transfer register 
804. The script identifier "1" described in the script 1 for 
the processor 1 and "6kB" described in the area length column 
are described in the execution script number column for the 
processor 1 and the effective area length column for the 
processor 1 in the script register 806, respectively (S3002). 

Subsequently, the DMA controller 801 determines the 
transfer unit according to the flow of Fig. 22 (S2001). 

At this time point, the residual transfer length column 

of the transfer register 804 is equal to 6kB (S4000). 

Subsequently, the DMA controller 801 compare^ the 

T 

effective area length 6kB of the processor 1 with the effective 
area length 2kB of the processor 2 in the script register 806 
(S4001). In this case, the former length is larger, and thus 
the processing goes to "No". Then, the effective area length 
2kB of the processor 2 is compared with the residual transfer 
length 6kB (S4005) . In this case, the latter length is larger, 
and thus the processing goes to "Yes". Accordingly, the 
effective area length 2kB of the processor 2 is determined as 
the transfer unit (S4006). 

The DMA controller 801 transfers the data stored at the 
transfer source address stored in the transfer register 804 
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to the transfer destination address by only the data size of 
the transfer unit (S2002). That is, the data of the memory 
2 (113) is transferred to the cache memory 130 by only 2kB. 

During execution of the transfer, the transfer source 
address, the transfer destination address and the residual 
transfer length in the transfer source address of the transfer 
register 804 are successively renewed, and the effective area 
for the processor 2 and the effective area length for the 
processor 1 in the script register 806 are successively reduced 
every data amount corresponding to the size of the transferred 
data . 

When the effective area length for the processor 2, the 
effective area length for the processor 1 or the residual 
transfer length in the script register 806 is equal to zero, 
the DMA controller 801 carries out the transfer end judgment 
processing (S2003). At this time point, the effective area 
length for the processor 2 of the script register 806 is equal 
to zero, the effective area length for the processor 1 is equal 
to 4kB and the residual transfer length is equal to 4kB (previous 
residual transfer length 6kB - transfer unit 2kB) . 

The transfer end judgment processing is carried out 
according to the flow shown in Fig 23 . First , the DMA controller 
801 checks the residual transfer length of the transfer register 
804 (S5000). In this case, the residual transfer length is 
equal to 4kB, and thus the processing goes to "Yes". Then, 
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it is checked whether the effective area length for the processor 

1 of the script register 806 is equal to zero (S5001). The 
effective area length for the processor 1 is equal to 4kB as 
described above, and thus the processing goes to "Yes" . Then, 
it is checked whether the effective area length for the processor 

2 of the script register 806 is equal to zero (S5003). The 
effective area for the processor 2 is equal to zero as described 
above, and thus the processing goes to "No" , and the start script 
number for the processor 2 of the transfer start register 803 
is incremented (S5004) . Specifically, the start script number 
for the processor 2 is set to 1. 

The DMA controller 801 executes the processing of S2000. 
At this time, the DMA controller 801 reads out the script 
indicated by the start script number for the processor 2 of 
the transfer start register 803 which is renewed in the S5004. 
That is, the DMA controller 801 reads out the script 1 for the 
processor 2 from the memory 2 (117) by executing the processing 
from S3000 to S3001. The DMA controller 801 doporibosj the #1 
area head address described in the script 1 for the processor 
2 into the transfer source address column. The script 
identifier "1" described in the script 1 for the processor 2 
and MkB" described in the area length column are described 
in the execution script number column for the processor 2 and 
the effective area length column for the processor 2 in the 
script register 806 , respectively (S3002). 
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Subsequently, the DMA controller 801 determines the 
transfer unit according to the flow of Fig. 22 again (S2001) . 

At this time point, M 4kB" is described in the residual 
transfer length column of the transfer register 804 (S4000). 

Subsequently, the DMA controller 801 compares the 
effective area length 4kB of the processor 1 with the effective 
area length 4kB of the processor 2 in the script register 806 
(S4001) . In this case, the former length is equal to the latter 
length, and thus the processing goes to "No". Then, the 
effective area length 4kB of the processor 2 is compared with 
the residual transfer length 4kB (S4005). In this case, the 
former length is also equal to the latter length, and. thus the 
processing goes to "No" . Accordingly, the residual transfer 
length 4kB is determined as the transfer unit (S4007). 

The DMA controller 801 transfers to the transfer 
destination address the data stored in the transfer source 
address stored in the transfer register 804, the data amount 
of the data concerned corresponding to only the data size of 
the transfer unit (S2002). That is, at this time, the data 
of the memory 2 (113) is transferred to the cache memory 130 
by only 4kB . 

During execution of the transfer, the transfer source 
address, the transfer destination address and the residual 
transfer length in the transfer register 804 are successively 
renewed, and also the effective area length for the processor 
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2 and the effective area length for the processor 1 in the script 

register 806 are successively reduced every amount 

A 

corresponding to the size of the transferred data. 

When the effective area length for the processor 2, the 
effective area length for the processor or the residual transfer 
length in the script register 806 is equal to zero, the DMA 
controller 801 carries out the transfer end judgment processing 
(S2003) . At this time point, all of the effective area length 
for the processor 1 the effective area length for the processor 
2 and the residual transfer length are equal to zero. 

The transfer end judgment processing is carried out 
according to the flow shown in Fig. 23. Since the residual 
transfer length is equal to zero, the processing goes to "No", 
and the transfer processing is finished. The DMA controller 
801 writes into the memory 1 (117) the end status in which the 
result of the transfer processing is described (S1008), and 
transmits an end notification to the processor 1 ( 119 ) ( S1009 ) . 
The processor 1 (119) reads out the end status from the memory 

1 (117), and executes tfae^rocessing corresponding to the content 
thereof (S1010). The processor 1 (119) transmits the end 
notification to the processor 2 (112) (S1011) . The processor 

2 (112) leaves open the storage area of the memory 2 (113) in 



The data transfer processing is carried out as described 



which the writing data «ee^ stored. 




above when a data writing request of 8kB is made ^from the 
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information processing device 200. 
( Second Embodiment ) 

The first embodiment may be modified like ^jsecond 
embodiment shown in Figs. 25 to 27. In the second embodiment, 
the data transfer is carried out without using the script for 
the processor 2 in the first embodiment. 

In this case, the transfer data »eejstored in the memory 
2 (113), but the script for the processor 2 is not stored in 
the memory 1 (113) as shown in Fig. 25. In place of that, the 
area head address of the memory 2 (113) is stored in the script 
for the processor 1 of the memory 1 (117) as shown in Fig. 26. 

The processing flow of the data transfer carried out 
between the memory 2 (113) and the cache memory 130 according 
to the second embodiment will be described with reference to 
the flowchart of Fig. 27. 

The processor 2 (112) secures the data area (S6000) . The 
securement of the data area means that when the file access 
request transmitted from the information processing device 200 
is a read-out request, a storage area for storing the read-out 
data is secured in the memory 2 (113). When the file access 
request transmitted from the information processing device 
200 is a reading request, the securement means that a storage 
area for storing read-out data is secured in the memory 2 (113) . 

The processor 2 ( 112 ) transmits the data transfer request 
command (the information indicating the storage position of 
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the data in the second memory ) to the processor 1 (119) (S6001). 
The data transfer request command contains the individual 
storage addresses of the data area secured in S1000, the data 
size of each data, the request transfer length and the transfer 
direction. 

Thereafter, the processor 1 (119) analyzes the data 
transfer request command transmitted from the processor 2 ( 112 ) 
(S6002) , thereby recognizing the data size of the storage address 
of the data in the memory 2 (112) , the request transfer length 
and the transfer direction. 

Subsequently, the processor 1 (119) secures the data area 
having the size indicated by the request transfer length in 
the cache memory 130 (S6003). 

The processor 1 ( 119 ) creates the script for the processor 
1 in connection with each data area secured in the cache memory 
130 (S6004) , whereby the script for the processor 1 containing 
the information indicating the storage position of the data 
in the cache memory 130 and the information indicating the 
storage position of the data in the memory 2 (112) is written 
in the memory 1 (117). 

Thereafter, the processor 1 (119) transmits the transfer 
start information containing the request transfer length, the 
transfer direction and the identifier of the script for the 
processor 1 to DMA 114, and writes fefaaae ^data into the transfer 
start register 803 of DMA 114, so that the processor 1 (119) 
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starts^ DMA 114 (S6.005). 



Accordingly , JDMA 114 starts the DMA transfer processing 
(S6006). 

When the DMA transfer is finished, the DMA controller 
801 writes into the memory 1 (117) the end status in which the t 
result of the transfer processing is described (S6007), and ^ 
transmits an end notification to the processor 1 ( 119 ) ( S6008 ) . 

The processor 1 (119) reads out the end status from the 
memory 1 (117)J[ and executes the processing corresponding to 
the content thereof (S6009). The processor 1 (119) transmits 
the end notification to the processor 2 (112) (S6010). 

When the file access request is a data read-out request, 
the processor 2 ( 112 ) may read out the read-out data transmitted 
to the data area of the memory 2 (113)| and transmit the data 
to the information processing device 200. Furthermore, when 
the file access request is a data writing request , the processor 
2 (112) leaves open the storage area of the memory 2 (113) in 
which the writing data are stored, so that the data can be 

used in other processing. QgjbgjAu^ 

As described above, in the storage device^ e ontrolli ag 
d o viec 100 according to this embodiment, the information on 
the storage position of the data in the cache memory 130, etc. 
and the information on the storage position of the data in the 
memory 2 (113) , etc. are written into the memory 1 (117) by 



the processor 1 (119). j^DMA 114 reads out tehooc j information 
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from the memory 1 (117) to carry out the data transfer. 
Accordingly, the idle time of the processor 1 (119) can be reduced, 
and the processor 1 (119) can be efficiently ^ ouoout ed . 
Furthermore, the data reading/writing operation carried out 
in response to the file access request from the information 
processing device 200 can be increased. 

Furthermore, according to the storage device controlling 
device 100 of this embodiment, even when the data size of the 
transfer source and the data size of the transfer destination 
are different from each other, the data transfer is controlled 
by DMA 114 without carrying out XSm control by the processor 
1 (119) and the processor 2 (112). Accordingly, the processing 
loads imposed on the processor 1 (119) and the processor 2 (113) 
can be reduced, and the speed of the data reading/writing 
operation carried out in response to the file access request 
from the information processing device 200 can be increased. 

Furthermore, in the storage device controlling device 
100 of this* embodiment, the end status is not written in the 



1 (119) reads out the end status from the memory 1 (117), so 
that the reading time of the end status by the processor 1 (119) 
can be shortened. Therefore, the idle time of the processor 
1 (119) can be reduced, whereby the speed of the data 
reading/writing operation carried out in response to the file 





access request from the information processing device 200^ can 
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be increased. 

In S1006 , the transfer start information transmitted from 

-A 

the processor 1 (119) toj DMA 114 is set not to contain the 
identifier of the script for the processor 1. In this case, 
for example, the processor 1 (112) is designed to store the 
identifier of the script for the processor lata predetermined 
storage position in the memory 1 (117) , andjDMA 114 is designed 
to read out the identifier of the script for the processor 1 
from the storage position concerned before the DMA transfer 
processing in S6006 is started. 
(Third Embodiment) 

Furthermore, a third embodiment shown in Fig. 28 may be 
implemented. That is, in the third embodiment, the same DMA 
transfer as the first embodiment or the second embodiment is 
implemented in the information processing device 200^such as 
a computer or the like^ which is connected to a network^such 
as LAN 4 00 or the like. 

The information processing device 200 is equipped with 
a processor 1 (first processor) 209, a processor 2 (second 
processor) 202, DMA ( data transfer device ) 204, amemoryl (third 
memory) 207^a memory 2 ( second memory ) 203, a memory controller 
1 (201), a memory controller 2 (201), an I/O controller 205 
and a storage device (first memory) 210. 

The processor 2 (202) , the memory 2 (203) and the memory 
controller 2 (201) provides a communication interface function 
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for it»ta*»g| communications with other information processing 
devices 200 through LAN 400, For example, the communication 
interface function^ enable reception of a file access request 
transmitted from another information processing device 200 
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through LAN 200 according to the TCF/IP protocol and^control 
of ^transmission/reception of data. 

The processor 2 (202) carries out the overall control 
of the information processing device 200 by executing various 
programs stored in the memory 2 (203). Various programs and 
data are stored in the memory 2 (203). For example, data 
transmitted/received to/from the other information processing 
devices 200 through LAN 400 are stored in the memory 2 (203) . 

The storage addresses (storage positions) of data stored 
in the memory 2 (203) are managed by the processor 2 (202). 

The processor 1 (209), the memory 1 (207), jDMA 204 and 
the memory controller 1 (201) transmits/received data and 
commands to/from the storage device 210 and the I/O controller 
205. The processor 1 (209) makes DMA 114 execute transfer of 
the data stored in the memory 2 (203) to the storage device 
210 and transfer of the data stored in the storage device 210 
to the memory 2 (203) . That is, the data transfer between the 
meraory 2 (203) and the storage device 210 is carried out byj^ 
DMA 204. The processor 1 (209) makesj^DMA 114 execute transfer 
of the data stored in the memory 2 (203) to the I/O controller 
205 and transfer of the data stored in the I/O controller 205 
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to the memory 2 (203). Furthermore, the processor 1 (209) 
manages the storage addresses (storage positions) of the data 
stored in the storage device 210 and the I/O controllers 205, 
and the storage addresses ( storage positions ) of the data stored 
in the memory 1 (207). 

The I/O controller 205 is connected to an input device 

it 

206 and an output device 207, and J controls the 
transmission/reception of data between each of the input device 

206 and the output device 207 and the information processing 
device 200. The input device 206 is used to input data to the 
information processing device 200 by an operator operating 
the information processing device 200 , etc. Akeyboard, amouse 
or the like is used as the input device 206. The output device 

207 is a device for outputting information to the external. 
A display, a printer or the like is used as the output device 
207. The storage device 210 may be a hard disk device, a 
semiconductor storage device or the like. As shown in Fig. 
28, the storage device 210 may be equipped so as to be installed 
in the information processing device 200 or equipped at the 
external. 

In the information processing device 200 of the third 
embodiment, the same DMA transfer as the first embodiment or 
the second embodiment is carried out between the memory 2 (203) 
and the storage device 210, between the memory 2 (203) and the 
I/O controller 205 or between the I/O controller 205 and the 
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storage device 210, whereby the idle time of the processor 1 
(209) can be reduced and the processing efficiency can be 
enhanced. Accordingly, the speed of the data reading/writing 
from/into the storage device 210 or the speed of the data 
input /output to/from the input device 206 /the output device 
208 can be increased. 

^b^i embodiments for implementing the present invention 
have been^made , and these embodiments are described^to make 
the understanding of the present invention easy. Therefore, 
the present invention should not be interpreted as being limited 
to these embodiments. That is, the above embodiments may be 
changed or improved without departing from the subject matter 
of the present invention, and the present invention may contain 
equivalents to the above^ embodiments . 
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